WAVELENGTH STABILIZING APPARATUS AND CONTROL 

METHOD 



BACKGROUND OF THE INVENTION 

5 

1. Field of the Invention 

[0001] The present invention relates to a wavelength stabilizing apparatus and related control 
method for a light wave and, more specifically, to a wavelength stabilizing apparatus that 
precisely locates the correct channel of a light-wave including specific wavelength output by 
10 a tunable optical element in an optical communication system, and the related control 
method. 

2. Description of the Related Art 

[0002] In optical communication systems, it is the usual case that one ordinarily skilled in the 
art uses a tunable optical element such as tunable laser source to output a light wave located 

15 in a channel of specific wavelength to carry optical signals to be transmitted. However, the 
channel of specific wavelength of the light wave output by the tunable optical element may 
derive from the desired channel of that specific wavelength. Therefore, a wavelength 
stabilizer would be used to servo control the light output by the tunable optical element so 
that a channel of the specific wavelength can be desirably located. For example, the U.S. 

20 Patent 6,289,028 has disclosed related techniques. 

[0003] FIG. 1 shows the arrangement of a wavelength stabilizer in a prior tunable laser 
system. As shown in FIG. 1, one part of the light wave output by the tunable light source 1 
is received directly by a fiber path 2, while the other part is received by the wavelength 
stabilizer 4. Through a servo control for the tunable light source 1 by the wavelength 

25 stabilizer 4 and a control unit 3, the light wave output by the tunable light source lis tuned 
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then. 

[0004] As the light wave 1 1 enters the wavelength stabilizer 4, it is divided into two parts by 
the beam splitter 41 . One part 12 passes a Fabry-Perot Etalon 42 and then directed into a 
photo-detector 44, while the other part 1 3 passes another Fabry-Perot Etalon 43 and then 
5 directed into another photo-detector 45. These photo-detectors 44 and 45 transform the 
input light signals into electronic signals and output these electronic signals to a signal 
processing and regulating unit 5. After the electronic signals are processed and regulated, a 
control signal would be output to the control unit 3. 

[0005] FIG. 2A shows the relation between wavelength and transmittance (energy ratio of the 
10 light wave passing through a Fabry-Perot Etalon to that entering a Fabry-Perot Etalon) for a 
Fabry-Perot Etalon. As shown in FIG. 2 A, the response curves of the photo-detectors 44 
and 45 corresponding to light waves passing through the Fabry-Perot Etalons 42 and 43 are 
illustrated. PD1 is the response curve corresponding to the light wave 12 passing through 
the Fabry-Perot Etalon 42, while PD2 is the response curve corresponding to the light wave 
15 13 passing through the Fabry-Perot Etalon 43 . On the other hand, FIG. 2B shows the 

voltage variation between the response curves PD1 and PD2 ( PD1 — PD2 ) in FIG. 2 A. As 
shown in FIG. 2B, the deviation between some differential signal 402 and a settle point 401 
is served as an error signal for the signal processing and regulating unit 5 to make a servo 
control. 

20 [0006] However, the well-known wavelength stabilizer has disadvantages in application. 

Take the U.S patent 6,289,028 as an example, the use of the two rotatable Fabry-Perot Etalon 
may have uneasy positioning and wear problems as well as limitations in application, and 
therefore results in poor accuracy and re-productivity in manufacturing. 
[0007] Also, since the above-mentioned wavelength stabilizer uses merely the voltage 

25 difference ( PD1 — PD2 ) to servo control in application, and since an incident light wave has 
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various channels such as X\ 9 A,2, ^,3... shown in FIG. 2B, it is difficult to precisely recognize 
and locate a specific channel among so many channels, and it is possible to locate at a wrong 
channel. 

[0008] Therefore, the invention provides a wavelength stabilizing apparatus and the 
5 corresponding method to solve the above-mentioned problems, so that a light wave having 
specific wavelength can be precisely output within a correct channel, and the manufacturing 
becomes more convenient and less cost consuming. 

SUMMARY OF THE INVENTION 
10 [0009] The present invention provides a wavelength stabilizing apparatus having a 

coarse-tuning module and a fine-tuning module. The wavelength stabilizing apparatus 
precisely locates each channel of an output light wave including specific wavelength, and 
make the manufacturing convenient. 

[0010] The invention also provides a wavelength stabilizing control method for watching the 
15 tunable optical element to ensure that the light wave including specific wavelength is output 
with each channel precisely located. 

[0011] The wavelength stabilizing apparatus according to the present invention includes a 
coarse-tuning module, a fine-tuning module, and a servo element. The coarse-tuning 
module takes the transmittance of the light wave as basis for coarse-tuning and channel 

20 recognition of the light wave output by a tunable optical element, and takes the difference 
between the electrical signals received by the fine-tuning module as an error signal for 
fine-tuning and servo control. These electrical signals are processed with a logic calculation 
to output a control signal to a control unit for controlling the tunable light source. 
[0012] In comparison with the prior art, the present invention is provided with a fine-tuning 

25 module but not another one Fabry-Perot Etalon to ensure that a light wave including specific 
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wavelength received by an optical fiber is output with each channel correctly located. 
Thereby, the accuracy and re-productivity in manufacturing is better than ever. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 [0013] FIG. 1 is a schematic diagram showing an arrangement of a conventional wavelength 
stabilizing apparatus. 

[0014] FIG. 2 A is a spectrum diagram showing a relationship between wavelength and 
response voltage. 

[0015] FIG. 2B is a spectrum diagram showing a relationship between wavelength and 

10 response voltage difference. 

[0016] FIG. 3 A is a schematic diagram showing an arrangement of the wavelength 
stabilizing apparatus according to first embodiment of the invention. 
[0017] FIG. 3B is a schematic diagram showing an arrangement of the wavelength 
stabilizing apparatus according to second embodiment of the invention. 

15 [0018] FIG. 3C is a schematic diagram showing an arrangement of the wavelength 
stabilizing apparatus according to third embodiment of the invention. 
[0019] FIG. 3D is a schematic diagram showing an arrangement of the wavelength 
stabilizing apparatus according to fourth embodiment of the invention. 
[0020] FIG. 4A is a schematic diagram showing an arrangement of the wavelength 

20 stabilizing apparatus according to fifth embodiment of the invention. 

[0021] FIG. 4B is a schematic diagram showing an arrangement of the wavelength 
stabilizing apparatus according to sixth embodiment of the invention. 

[0022] FIG. 5 is a schematic diagram showing an arrangement of the wavelength stabilizing 
apparatus according to seventh embodiment of the invention. 
25 [0023] FIG. 6 is a schematic diagram showing an arrangement of the wavelength stabilizing 
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apparatus according to eighth embodiment of the invention. 

[0024] FIG. 7A is a spectrum diagram showing a relationship between wavelength and 
transmittance. 

[0025] FIG. 7B is a spectrum diagram showing a relationship between wavelength and 
5 transmittance. 

[0026] FIG. 8A is a spectrum diagram showing a relationship between wavelength and 
transmittance. 

[0027] FIG. 8B is a spectrum diagram showing a relationship between wavelength and 
transmittance. 

10 [0028] FIG. 8C is a spectrum diagram showing a relationship between wavelength and 
transmittance. 

[0029] FIG. 8D is a spectrum diagram showing a relationship between wavelength and 
transmittance. 

[0030] FIG. 9A is a spectrum diagram showing a relationship between wavelength and 
1 5 transmittance. 

[0031] FIG. 9B is a spectrum diagram showing a relationship between wavelength and 
transmittance. 

[0032] FIG. 10 is a diagram showing a relationship between rotational angle of a 
beam-splitting element and the emergence angle deviation of exit light. 
20 [0033] FIGS. 1 1 A to 1 II are top views of the shape of a prism used in the invention. 

[0034] FIG. 12 is a spectrum diagram showing a relationship between wavelength and a ratio 
of the response voltage difference to the response voltage of the incident light wave. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
25 [0035] Hereinafter, the wavelength stabilizing apparatus and the corresponding control 
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method for a tunable optical element in an optical communication system according to the 
invention will be described by embodiments with reference to the attached drawings, and the 
statements of the similar parts would be described in one time only for simplification. 
[The First Embodiment] 
5 [0036] Referring to FIG. 3 A, the wavelength stabilizing apparatus 60 for a tunable optical 
element such as the tunable light source 10 in an optical communication system according to 
the first embodiment of invention includes a coarse-tuning module 61, a fine-tuning module 
62, and a servo element 63. As shown in FIG. 3 A, the wavelength stabilizing apparatus 60 
receives one part 110 of the light output by the tunable light source 10 to a fiber path 20 and 

10 servo controls the light in coordination with the control unit 30. 

[0037] The coarse-tuning module 61 includes a beam-splitting element 611, an optical 
filtering element 612, and two photo-detecting elements such as photo-detectors 613 and 614. 
The beam-splitting element 611 is provided with a first coated- film surface (not shown) and a 
second coated-film surface (not shown). The fine-tuning module 62 includes a 

15 beam-splitting element 621, a Fabry-Perot Etalon 622, and two photo-detectors 623 and 624. 
[0038] The wavelength stabilizing control process according to this embodiment is described 
as follows. 

[0039] First of all, the light wave 110 entering a beam-splitting element 61 1 is divided into 
light waves 120 and 130 through the first coated-film surface of the beam-splitting element 
20 611 with the light wave 130 further divided into light waves 131 and 132 through the second 
coated-film surface of the beam-splitting element 611. Nevertheless, the light wave 1 1 0 can 
be divided into three light waves 120, 131, and 132 just through one coated-film surface of 
the beam-splitting element 611. 

[0040] Subsequently, the optical filtering element 612 arranged between the beam-splitting 
25 element 61 1 and the photo-detector 613 filters off part channels of the light wave 120 and 
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then outputs the light wave 121, which is then received by the photo-detector 613 and 
transformed into an electrical signal 5 1 . Also, the photo-detector 614 receives the light 
wave 131 and transforms it into an electrical signal 52. 

[0041] On the other hand, the beam-splitting element 621 divides the light wave 132 into 
5 light waves 133 and 134 of equal energy. Subsequently, the light waves 133 and 134 are 
directed into the Fabry-Perot Etalon 622 arranged between the beam-splitting element 621 
and the photo-detectors 623 and 624 to separate out two light waves having specific 
wavelength, which are received by the photo detectors 623 and 624 and transformed into 
electrical signals 53 and 54, respectively. 

10 [0042] Then, the servo element 63 receives these electrical signals 51, 52, 53, and 54 to 
perform a signal processing. To be specific, the servo element 63 performs coarse-tuning 
and channel recognition of the light output by the tunable light source 10 on the basis of a 
voltage ratio of signal 51 to signal 52, and performs fine-tuning and servo control of the light 
output by the tunable light source 10 with an error signal being a voltage difference between 

15 signals 53 and 54. Alternatively, the voltage ratio of the difference between signals 53 and 
54 to signal 52 can be taken as an error signal for fine-tuning and servo control of the light 
output by the tunable light source 10. 

[0043] It is to be noted that the beam-splitting elements 611 and 621 in this embodiment can 
be such a device that divides a light into two lights of equal or unequal energy as beam 

20 splitter, prism, and polygon splitting prism. In addition, either the beam-splitting elements 
611 and 621 can be a prism set composed of two optical prisms. Also, the relative curve of 
transmittance versus wavelength in the spectrum diagram of the light wave passing through 
the optical filtering element 612 has a nonzero slope such as that shown in FIGS. 7 A and 7B. 
Therefore, a basis for coarse-tuning and channel recognition of the light with specific 

25 wavelength can be established according to the actual transmittance of the optical filtering 
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element 612 and the spectrum shown in FIGS. 7 A and 7B. 
[The Second Embodiment] 

[0044] Referring to FIG. 3B, a wavelength stabilizing apparatus 60a for the tunable optical 
5 element in the optical communication system according to second embodiment of invention 
includes a coarse-tuning module 61a, a fine-tuning module 62a, and a servo element 63. 
[0045] The coarse-tuning module 61a includes abeam-splitting element 611a, an optical 
filtering element 612, and two photo-detectors 613 and 614. All the elements are the same 
as those in the coarse-tuning module 61 according to the first embodiment except for the 
10 beam- splitting element 611a. On the other hand, the fine-tuning module 62a includes a 

beam-splitting element 621a, a Fabry-Perot Etalon 622, and two photo-detectors 623 and 624. 
All the elements are the same as those in the fine-tuning module 62 according to the first 
embodiment except for the beam-splitting element 612a. 

[0046] In this embodiment, the beam-splitting element 611a performs a light beam splitting 
1 5 with just one coated-film surface thereof (not shown), and the beam-splitting element 62 1 a 
performs a light beam splitting with at least one coated-film surface thereof (not shown). 
[0047] The wavelength stabilizing control process according to this embodiment is described 
as follows. 

[0048] First of all, a light wave 110 entering the beam-splitting element 611a is divided into 
20 light waves 120 and 130 through the coated-film surface of the beam-splitting element 611a. 
[0049] After that, the light wave 120 is directed into the optical filtering element 612 
arranged between the beam-splitting element 61 la and the photo-detector 613 to filter off 
part channels thereof and output a light wave 121 to be received by the photo-detector 613 
and transformed into an electrical signal 51a. 
25 [0050] On the other hand, the light wave 130 is divided into light waves 140, 150, and 160 
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through the beam-splitting element 621a with at least one coated-film surface (not shown) 
thereof. Afterwards the light wave 140 is received directly by the photo-detector 614 and 
then transformed into an electrical signal 52a. The light waves 150 and 160 are directed 
into the Fabry-Perot Etalon 622 arranged between the beam-splitting element 621a and the 
5 photo-detectors 623 and 624 to separate out two light waves having specific wavelength, 
which are then received by the photo detectors 623 and 624 and further transformed into 
electrical signals 53a and 54a, respectively. 

[0051] Next, the electrical signals 51a, 52a, 53a, and 54a are received by the servo element 
63 to perform a signal processing. Specifically, the servo element 63 performs a 

10 coarse-tuning and channel recognition of the light output by the tunable source 10 on the 

basis of a voltage ratio of the electrical signal 51a to the electrical signal 52a, and performs a 
fine-tuning and servo control of the light output by the tunable source 10 with an error signal 
being a voltage difference between the electrical signals 53a and 54a. Alternatively, the 
servo element 63 can also perform a fine-tuning and servo control of the light output by the 

1 5 tunable source 10 with an error signal being a voltage ratio of the voltage difference between 
the electrical signals 53a and 54a to the electrical signal 52a. 

[0052] It is to be noted that either the beam-splitting elements 611a and 621a in this 
embodiment can be such a device that divides a light wave into light waves of equal or 
unequal energy as beam splitter, polygon splitting prism, and a prism set composed of two 

20 optical prisms. Besides, the relative curve of transmittance versus wavelength in the 

spectrum diagram of the light wave passing through the optical filtering element 612 has a 
nonzero slope such as that shown in FIGS. 7 A and 7B. Therefore, the coarse-tuning and 
channel recognition of the light having specific wavelength can be accomplished according to 
the actual transmittance of the light passing through the optical filtering element 612 and the 

25 spectrum shown in FIGS. 7 A and 7B. 
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[The Third embodiment] 

[0053] Referring to FIG. 3C, a wavelength stabilizing apparatus 60b for the tunable optical 
element in the optical communication system according to a third embodiment of invention 
5 includes a coarse-tuning module 61b, a fine-tuning module 62, and a servo element 63. 
[0054] The coarse-tuning module 61b includes abeam-splitting element 611a, an optical 
filtering element 612b, and two photo-detectors 613 and 614. All the elements are the same 
as those in the coarse-tuning module 61 in the first embodiment except for the beam-splitting 
element 611b and optical filtering element 612b. On the other hand, the fine-tuning module 
10 62 includes a beam-splitting element 621, a Fabry-Perot Etalon 622, and two photo-detectors 
623 and 624, which are the same as those in the fine-tuning module 62 in the first 
embodiment. 

[0055] In this embodiment, each of the beam-splitting elements 611a and 621 uses only one f 
coated-film surface (not shown) to perform a light beam splitting. 
15 [0056] The wavelength stabilizing control process according to this embodiment is described 
as follows. 

[0057] First of all, a light wave 110 entering the beam-splitting element 611a is divided into 
light waves 120 and 130 through the coated-film surface of the beam- splitting element 611a. 
[0058] After that, the light wave 120 is directed into the optical filtering element 612b to be 
20 further divided into light waves 121 and 122. Then, the light waves 121 and 122 are 

received by the photo-detectors 613 and 614, respectively, and transformed into electrical 
signals 51b and 52b, respectively. 

[0059] On the other hand, the light wave 130 is divided into light waves 170 and 180 through 
the beam-splitting element 62 1 . Subsequently, the light waves 1 70 and 1 80 are directed into 
25 the Fabry-Perot Etalon 62 arranged between the beam-splitting element 621 and the 



photo-detectors 623 and 624 to make two light waves having specific wavelength be 
separated out thereof, respectively. These two light waves are then received by the 
photo-detectors 623 and 624 and transformed into electrical signals 53b and 54b, 
respectively. 

[0060] Next, the electrical signals 51b, 52b, 53b,and 54b are received by the servo element 
63 to perform a signal processing. Specifically, the servo element 63 performs a 
coarse-tuning and channel recognition of the light output by the tunable light source 10 on 
the basis of either a voltage ratio of the electrical signal 51b to the voltage sum of the 
electrical signals 51b and 52b or a voltage ratio of the voltage difference between the 
electrical signal 51b and 52b to the voltage sum of the electrical signals 51b and 52b, and 
performs a fine-tuning and servo control of the light output by the tunable light source 10 
with an error signal being a voltage difference between the electrical signals 53b and 54b. 
Alternatively, the servo element 63 can also perform a fine-tuning and servo control of the 
light output by the tunable light source 10 with an error signal being a voltage difference 
between the electrical signals 53b and 54b to the voltage sum of the electrical signals 51b and 
52b. 

[0061] It is to be noted that either the beam-splitting elements 61 la and 621 in this 
embodiment can be such a device that divides the light wave into two light waves of equal or 
unequal energy as beam splitter, polygon beam-splitting prism, and prism set. Besides, the 
relative curve of transmittance versus wavelength in the spectrum diagram of the light wave 
passing through the optical filtering element 612b has a nonzero slope such as that shown in 
FIG. 7A and 7B. Therefore, the coarse-tuning and channel recognition of the light with 
specific wavelength can be accomplished according to the actual transmittance of the light 
passing through the optical filtering element 612b and the spectrum shown in FIGS. 7A and 
7B. 
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[The Fourth embodiment] 

[0062] Referring to FIG. 3D, a wavelength stabilizing apparatus 60c used in the optical 
communication system for controlling the light wave output from the tunable optical element 
5 according to a fourth embodiment of the invention includes a coarse-tuning module 61c, a 
fine-tuning module 62, and a servo element 63. 

[0063] The coarse-tuning module 61c includes two beam-splitting elements 611a and 615, an 
optical filtering element 612c and two photo-detectors 613 and 614. All the elements are 
the same as those in the coarse-tuning module 61 of the first embodiment except for the 
10 beam-splitting elements 611a and 615 and the optical filtering element 612c. On the other 
hand, the fine-tuning module 62 includes a beam-splitting element 62 1 , a Fabry-Perot Etalon 
622, two photo-detectors 623 and 624. All the elements are the same as those in the 
fine-tuning module 62 of the first embodiment. 

[0064] In this embodiment, each of the beam-splitting elements 611a, 615, and 621 uses only 
15 one coated-film surface (not shown) thereof to perform the splitting. 

[0065] The wavelength stabilizing process in this embodiment is described as follows. 
[0066] First of all, the light wave 110 is divided into light waves 120 and 130 through the 
beam-splitting element 611a. 

[0067] After that, on the one hand, the light wave 120 is divided into light waves 123 and 
20 1 24 through the beam-splitting element 615. The light wave 1 23 is further directed into the 
optical filtering element 612c to make part channels of the light wave 123 be filtered off and 
obtain a light wave 125, which is then received by the photo-detector 613 and transformed 
into an electrical signal 51c. The light wave 124 is received by the photo-detector 614 and 
transformed into an electrical signal 52c. 
25 [0068] On the other hand, the light wave 130 is divided into light waves 170 and 180 through 



the beam-splitting element 621. Subsequently, the light waves 170 and 180 are directed into 
the Fabry-Perot Etalon 622 arranged between the beam-splitting element 621 and the 
photo-detectors 623 and 624 to separate out two light waves having specific wavelength from 
the light waves 170 and 180, respectively. Then, the light waves having specific 
5 wavelength are received by the photo-detectors 623 and 624 and transformed into electrical 
signal 53c and 54c, respectively. 

[0069] Next, the electrical signals 51c, 52c, 53c, and 54c are received by the servo element 
63 to perform a signal processing. 

[0070] Specifically, the servo element 63 performs coarse-tuning and channel recognition of 
10 the light output by the tunable source 10 on the basis of the voltage ratio of the electrical 

signal 51c to the electrical signal 52c, and performs fine-tuning and servo control of the light 
output by the tunable source 10 with an error signal being a voltage difference between the 
electrical signals 53c and 54c. Alternatively, the servo element 63 can also perform 
fine-tuning and servo control of the light output by the tunable source 10 with an error signal 
15 being a voltage ratio of the voltage difference between the electrical signals 53c and 54c to 
the electrical signal 52c. 

[0071] It is to be noted that each of the beam-splitting elements 611a, 615, and 621 can be 
such a device that divides a light wave into two light waves of equal or unequal energy as 
beam splitter, prism set, and polygon splitting prism. Besides, the relative curve of 
20 transmittance versus wavelength in the spectrum diagram of the light wave passing through 
the optical filtering element 612c has a nonzero slope such as that shown in FIG. 7 A and 7B. 
Therefore, the coarse-tuning and channel recognition of the light having specific wavelength 
can be accomplished according to the actual transmittance of the light passing through the 
optical filtering element 612c and the spectrum shown in FIGS. 7 A and 7B. 

25 
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[The Fifth embodiment] 

[0072] Referring to FIG. 4A, a wavelength stabilizing apparatus 70 used in the optical 
communication system according to a fifth embodiment of the invention includes a 
coarse-tuning module 71, a fine-tuning module 72, and a servo element 73. The wavelength 
5 stabilizing apparatus 70 receives one part of a light wave 210 output from the tunable laser 
source 10 to the fiber path 20, and tunes the light source 10 in cooperation with the servo 
element 73 and the control unit 30. 

[0073] The coarse-tuning module 71 includes two beam-splitting elements 711 and 712, two 
optical filtering elements 713 and 714, and three photo-detectors 715, 716, and 717. On the 

10 other hand, the fine-tuning module 72 includes a beam-splitting element 721, a Fabry-Perot 
Etalon 722, and two photo-detectors 723 and 724. All the elements are the same as those of 
the fine-tuning module 62 in the first embodiment. Each of the beam-splitting elements 711, 
712, and 721 has at least one coated-film surface (not shown) and uses only one coated-film 
surface to perform the splitting. 

15 [0074] The wavelength stabilizing control process according to this embodiment is described 
as follows. 

[0075] First of all, the light wave 210 is divided into light waves 220 and 230 by the 
beam-splitting element 711 through the coated-film surface thereof. After that, the light 
wave 220 is further divided into light waves 221 and 222 by the beam-splitting element 712 
20 through the coated-film surface thereof, while the light wave 230 is further divided into light 
waves 231 and 232 through the coated-film surface thereof. 

[0076] Then, the light wave 221 is divided into light waves 223 and 224 through the optical 
filtering element 713. The light wave 223 is then directed into the optical filtering element 
714 to make part channels of the light wave 223 be filtered off and obtain a light wave 228, 
25 which is received by the photo-detector 715 and transformed into an electrical signal 55. 
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The light wave 224 is received by the photo-detector 716 and transformed into an electrical 
signal 56. Besides, the light wave 222 is received by the photo-detector 717 and 
transformed into an electrical signal 57. 

[0077] On the other hand, the light waves 231 and 232 are directed into the Fabry-Perot 
5 Etalon 722 arranged between the beam-splitting element 721 and the photo-detectors 723 and 
724 to separate out two light wave having specific wavelength, which are then received by 
the photo-detectors 723 and 724 and transformed into electrical signals 58 and 
59,respectively. 

[0078] Next, the electrical signals 55, 56, 57, 58, and 59 are received by the servo element 73 
10 to perform a signal processing. Specifically, the servo element 73 performs coarse-tuning 
and channel recognition of the light output by the tunable source 10 on the basis of a voltage 
ratio of the electrical signal 57 to the electrical signal 56 and a voltage ratio of the electrical 
signal 57 to the electrical signal 55, and performs fine-tuning and servo control with an error 
signal being a voltage difference between the electrical signals 58 and 59. Alternatively, the 
1 5 servo element 73 can also perform fine-tuning and servo control of the light output by the 

tunable source 10 with an error signal being a voltage ratio of the voltage difference between 
the electrical signals 58 and 59 to electrical signal 57. 

[0079] The relative curve of transmittance versus wavelength in the spectrum diagram of the 
light wave passing through the optical filtering elements 713 and 714 has a nonzero slope as 
20 curves A and B shown in FIGS. 8A and 8B, respectively. Besides, the beam-splitting 

elements 711, 712, and 721 are selected from a group composed of beam splitter, prism, and 
prism set, such as polygon splitting prism for example, and capable of dividing a light wave 
into two light waves of equal or unequal energy. 

[0080] The coarse-timing module 71 in this embodiment is used to increase the transmittance 
25 so as to raise the wavelength recognition resolution in the circumstances that the slope of the 
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relative curves with respect to wavelength and transmittance of the optical filtering elements 
612, 612b, and 612c in the above embodiments is not large enough. 

[0081] In other words, the optical filtering element 713 can be modified so that the relative 
curve with respect to wavelength and transmittance can have a steeper slope as that of curve 
5 A shown in FIG. 8A or curve A2 shown in FIG. 8C. In the meantime, the light wave 223 is 
filtered by the optical filtering element 714 that has optical characteristics corresponding to 
the curve B in FIG. 8A or curve B in FIG. 8C, which are plotted according to the voltage 
ratio of the electrical signal 55 to the electrical signal 57, to maintain the applicable range of 
wavelength but increase the voltage potential with the slope so that the object of increasing 
10 the wavelength resolution can be achieved. In additional, the processes drafted in the block 
90 can be repeated to further increase the wavelength resolution. 

[0082] In this embodiment, the optical filtering element 714 and the photo-detector 715 can 
be leaved out in use, so that the servo element 73 performs coarse-tuning and channel 
recognition just on the basis of the voltage ratio of the electrical signal 57 to electrical signal 
15 56. 



[The Sixth embodiment] 

[0083] The wavelength stabilizing apparatus 70a used in the optical communication system 
according to a sixth embodiment of the invention is shown in FIG. 4B. In this embodiment, 
20 the fine-tuning module 72 is the same as that in the fifth embodiment, and the elements 
included in the coarse-tuning module 71a are those in the fifth embodiment except for the 
arrangements. 

[0084] The wavelength stabilizing control process is described as follows. 
[0085] First of all, the light wave 210 entering beam-splitting element 711 is divided into 
25 light waves 220 and 230 through the coated-film surface of the beam-splitting element 711. 
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[0086] After that, the light wave 220 is divided into light waves 221 and 222 through the 
beam-splitting element 712. The light wave 221 is directed into the optical filtering element 
713a to filter part channels of thereof off to become light wave 225. The light wave 225 is 
further divided into light waves 226 and 227 through the optical filtering element 714a. 
5 The light waves 226 and 227 are received by the photo-detectors 715 and 716 and 

transformed into electrical signals 55a and 56a, respectively. The light wave 222 is received 
by the photo-detector 717 and transformed into an electrical signal 57a. 
[00871 On the other hand, the light wave 230 is divided into light waves 231 and 232 of 
equal energy by the beam-splitting element 721. The light waves 231 and 232 are directed 
10 into the Fabry-Perot Etalon 722 arranged between the beam-splitting element 721 and the 
photo-detectors 723 and 724 to separate two light waves having specific wavelength out of 
the light waves 231 and 232, which are received by the photo-detectors 723 and 724 and 
transformed into electrical signals 58a and 59a, respectively. 

[0088] Next, the electrical signals 55a, 56a, 57a, 58a, and 59a are received by the servo 
1 5 element 73 to perform a signal processing. To be specific, the servo element 73 performs 
coarse-tuning and channel recognition of the light output from the optical tunable element on 
the basis of a voltage ratio of the electrical signal 57a to the electrical signal 56a or a voltage 
ratio of the electrical signal 57a to the electrical signal 55 a, and performs fine-tuning and 
servo control of the light output from the optical tunable element with an error signal being 
20 the voltage difference between the electrical signal 58a and the electrical signal 59a. 

Alternatively, the servo element 73 can also perform fine-tuning and servo control of the light 
output from the optical tunable element with an error signal being a voltage ratio of the 
voltage difference between the electrical signals 58a and 59a to the electrical signal 57a in 
order to further diminish the effect of the energy variation of the input light. 
25 [0089] In this embodiment, the relative curve of transmittance versus wavelength in the 
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spectrum diagram of the light wave passing through the optical filtering elements 713a and 
714a has a nonzero slope such as that of curve A and B shown in FIG. 8B and 8D, 
respectively. Therefore, the voltage ratio of the electrical signal 56a to the electrical signal 
57a can be represented by the curve B2 in FIG. 8B or 8D. The voltage ratio of the electrical 
5 signal 55a to the electrical signal 57a can be represented by the curve B in FIG. 8B or 8D. 

[The Seventh embodiment] 

[0090] Referring to FIG. 5, a wavelength stabilizing apparatus 80 used in the optical 
communication system to control a light wave output from light source 10 includes a 
10 coarse-tuning module 81, a fine-tuning module 82, and a servo element 83. The wavelength 
stabilizing apparatus 80 receives a part 310 of the light wave output from the tunable light 
source 10 to the fiber path 20, and then servo-controls the light wave 310 in cooperation with 
the control unit 30 to tune the light source 10. 

[0091] The coarse-tuning module 81 includes two beam-splitting elements 811 and 812, 
15 three optical filtering elements 813, 814, and 815, and four photo-detectors 816, 817, 818, 
and 819. Each of the beam-splitting elements 811 and 812 is provided with at least one 
coated-film surface (not shown). On the other hand, the fine-tuning module 82 includes a 
beam-splitting element 821, a Fabry-Perot Etalon 822, and two photo-detectors 823 and 824, 
which are arranged as those described in the first embodiment. 
20 [0092] The wavelength stabilizing process according to this embodiment is described as 
follows. 

[0093] First of all, the light wave 310 entering the beam-splitting element 811 is divided into 
light waves 320 and 330 through a coated-film surface of the beam-splitting element 811. 
[0094] After that, the light wave 320 is divided into light waves 32 land 322 through the 
25 beam-splitting element 812. The light wave 321 is further divided into light waves 323 and 
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324 by the optical filtering element 813. The light wave 323 is then directed into the optical 
filtering element 814 to filter off part channels thereof and further directed into the optical 
filtering element 815 to be divided into light waves 325 and 326. Each of the light waves 
322 and 324 are received by the photo-detectors 819 and 818 and transformed into electrical 
5 signals 540 and 530, respectively. The light waves 325 and 326 are received by the 
photo-detectors 816 and 817 and transformed into electrical signals 510 and 520, 
respectively. 

[0095] On the other hand, the light wave 330 is divided into light waves 331 and 332 of 
equal energy by the beam-splitting element 821 . Subsequently, the light waves 33 1 and 332 
10 are directed into the Fabry-Perot Etalon 822 arranged between the beam-splitting element 
821 and the photo-detectors 823 and 824 to separate out light waves having specific 
wavelength. The light waves having specific wavelength are then received by the 
photo-detectors 823 and 824 and transformed into electrical signals 550 and 560, 
respectively. 

15 [0096] Next, the electrical signals 550, 560, 540, 530, 520, and 510 are received by the servo 
element 83 to perform a signal processing. Specifically, the servo element 83 performs 
coarse-tuning and channel recognition of the light output from the optical tunable light source 
10 on the basis of a voltage ratio of the electrical signal 540 to the electrical signal 530, or a 
voltage ratio of the electrical signal 540 to the electrical signal 520, or a voltage ratio of the 

20 electrical signal 540 to the electrical signal 510, and performs fine-tuning and servo control 
of the light output from the optical tunable light source 10 with an error signal being a 
voltage difference between the electrical signal 550 and the electrical signal 560. 
[0097] In this embodiment, the relative curve of transmittance versus wavelength in the 
spectrum diagram of the light wave passing through each of the optical filtering elements 813, 

25 814, and 815 has a nonzero slope as that of curve A, B, and C shown in FIG. 9A. 
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[0098] For the purpose of increasing the wavelength analysis resolution, the electrical signals 
510, 520, 530, and 540 are served as basis for coarse-tuning and channel recognition. For 
example, the voltage ratio of the electrical signal 530 to the electrical signal 540 is 
represented by the curve A in FIG. 9A, the voltage ratio of the electrical signal 520 to the 
5 electrical signal 540 is represented by the curve B2 in FIG. 9A, and the voltage ratio of the 
electrical signal 5 1 0 to the electrical signal 540 is represented by the curve C in FIG. 9A. 
Thereby, the applicable wavelength range can be remained constant while the voltage is 
varied with the slope, and thus the resolution of wavelength analysis can be increased. 
Moreover, the process defined within the block 91 is repeatable, and can be used to improve 
10 the wavelength analysis resolution. 

[The Eighth embodiment] 

[0099] Referring to FIG. 6, a wavelength stabilizing apparatus 80a used in the optical 
communication system to control the light wave output by the tunable light source according. 
15 to a eighth embodiment of the invention includes a coarse-tuning module 81a, a fine-tuning 
module 82, and a servo element 83. 

[00100] The coarse-tuning module 81a includes two beam-splitting elements 811 and 812, 
four optical filtering elements 813a, 814a, 815a, and 820, and four photo-detectors 816, 817, 
818, and 819. All the elements are the same as those in the coarse-tuning module according 
20 to the seventh embodiment except for the optical filtering elements 813a, 814a, and 820. 

[00101] The wavelength stabilizing control process according to the invention is described 
as follows. 

[0100] First of all, the light wave 310 entering the beam-splitting element 81 1 is divided into 
light waves 320 and 330 through a coated-film surface of the beam-splitting element 811. 
25 [0101] After that, the light wave 320 is further divided into light waves 321 and 322 through 



20 



the beam-splitting element 812. The light wave 321 is directed into the optical filtering 
element 813a to filter off part channels thereof to obtain a light wave 323a, which is divided 
into light waves 324a and 325a through the optical filtering element 814a. The light wave 
324a is divided into light waves 326a and 327 through the optical filtering element 815a. 
5 The light wave 326a is directed into the optical filtering element 820 to filter off part 

channels thereof to obtain a light wave 328. These light waves 328, 327, 325a, and 322 are * 
received by the photo-detectors 816, 817, 818, and 819, respectively, and transformed into 
electrical signals 510a, 520a, 530a, and 540a, respectively. 

[0102] On the other hand, the light wave 330 is divided into light waves 331 and 332 of 
10 equal energy through the beam-splitting element 821 . Afterwards the light waves 33 1 and 
332 are directed into the Fabry-Perot Etalon 822 arranged between the beam-splitting 
element 821 and the photo-detectors 823 and 824 to separate out two light waves having 
specific wavelength. The light waves having specific wavelength are then received by the 
photo-detectors 823 and 824 and transformed into electrical signals 550a and 560a, 
1 5 respectively. 

[0103] Next, the electrical signals 550a, 560a, 540a, 530a, 520a, and 510a are received by the 
servo element 83 to perform a signal processing. The servo element 83 performs 
coarse-tuning and channel recognition of the light wave output from the tunable light source 
10 on the basis of a voltage ratio of the electrical signal 540a to the electrical signal 530a, or 

20 a voltage ratio of the electrical signal 540a to the electrical signal 520a, or a voltage ratio of 
the electrical signal 540a to the electrical signal 510a, and performs fine-tuning and channel 
recognition of the light wave output from the tunable light source 10 with an error signal 
being the voltage difference between the electrical signal 550a and the electrical signal 560a. 
[0104] In this embodiment, the relative curve of transmittance versus wavelength in the 

25 spectrum diagram of the light wave passing through each of the optical filtering elements 
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813a, 814a, 815a, and 820 has a nonzero slope such as that of curves A, B, C, and D shown 
in FIG. 9B, respectively. In addition, the voltage ratio of the electrical signal 530a to the 
electrical signal 540a versus wavelength can be plotted as the curve B2 in FIG. 9B. The 
voltage ratio of the electrical signal 520a to the electrical signal 540a versus wavelength can 
5 be plotted as the curve C2 in FIG. 9B. The voltage ratio of the electrical signal 5 10a to the 
electrical signal 540a versus wavelength can be plotted as the curve D2 in FIG. 9B. As such, 
the electrical signals 540a, 530a, 520a, and 510a are served as basis for coarse-tuning and 
channel recognition, and the voltage difference between the electrical signal 550a and the 
electrical signal 560a is served as an error signal for fine-tuning and servo control. 
10 Similarly, the processes defined in the block 92 are repeatable and used to promote the 
wavelength analysis resolution. 

[0105] One should note that the relative curve of transmittance versus wavelength in the 
spectrum diagram of each optical filtering element in the above embodiments has a nonzero 
slope, such as an optical filter with positive or negative slope, a high pass filter, and a low 
15 pass filter. In addition, any other kinds of optical filtering element can be used as long as 
the light wave having specific wavelength can be filtered out. 

[0106] Besides, in the above embodiments, selecting a prism as the beam-splitting element in 
the fine-tuning module can diminish the position arrangement error in the manufacturing 
such as that induced by thermal expansion or the other effects. Referring to FIG. 10 as an 

20 example, when the prism rotates 1 degree as a result of thermal expansion or other effects, 
the deviation of the angles between the two emitting lights will be -0.012 degree around, 
which is reduced by 80 times. In addition, the prisms used in the invention can have a shape 
with a top view such as that shown in FIG. 1 1 A to FIG. 1 1 L Also, a prism set or diffraction 
elements in addition to the above prisms can be used as the beam-splitting element. 

25 [0107] On the other hand, the Fabry-Perot Etalon with an inclined angle is arranged to vary 
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the refraction angles of the different incident light waves to further produce distinct optical 
path and lead to transmittance distinction so that the difference between the response voltage 
AV can be served as an error signal for servo control to accurately output a light wave with 
specific wavelength on a right channel. After that, the voltage ratio of the difference 
5 between the response voltage AV to the response voltage V f of the light wave of the 
incident light wave into the Fabry-Perot Etalon can be employed to diminish the energy 
variation of the input light, as shown in FIG. 12. 

[0108] While the invention has been described by way of example and in terms of the 
preferred embodiment, it is to be understood that the invention is not limited to the disclosed 
10 embodiments. To the contrary, it is intended to cover various modifications and similar 

arrangements as would be apparent to those skilled in the art. Therefore, the scope of the 
appended claims should be accorded the broadest interpretation so as to encompass all such 
modifications and similar arrangements. 
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